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Thle biochemistry of viruses.

by G. Schramm.

Organischc Cjicratic in i~nohselre,5: 103-1079 199-204 (1954).

b) Fusion of virus ' ni el.U

The cti..trig':s ,Qurrpjo'Loj icll~r v2sbl .fter to(c oni~ry of the v1irus
ha*-ve alrea~dy b(!CLI iOc11sset.. T:,c caniecetion of viruas -aith c;crt~uin
cellul.&r elements wras amc on:rirct~ed inl 3ont c..'ses chen~ic~l~y. - The n
fected tissue i.- frceilonuitc~i InL~ip izsua. im.riner iutu nuc-lci, mito-
chonuria, ,nierosouie3, pl.:LsmucL, wid iio~x fractioin to whIc'k the virus: is
bound is then est~blished. iýLz,,iiplcs of this phenomenort are Atrxi..cho`m byý
iLie herpes virus which ,.ccorirr, to ..c.-.ora~rin is connected t,-o the-l nc1to-
chondrid. 1-ieln~ick has conruucteo. simialar cx.seriments writh polio virus.
It i.s assumed that the fusion prococs hin;s no'. only t!ie. 11u~t, bOuL
a..lso the peiietratin.;, p.LrtiCle. KhLny rukAsons sufnlporL the assumption that.
tLhe animal virusers also ciit racintxo sni--iler sub-urnits p~rio~r t~o
m~ultiplication. A number of Lar-cr viruses oil the va~ccini-. -nU sit
cosis groups permits direct Ui,ýit-- 4 iicroscopie ob3!:rvatjon of .h .~~cc
d~is..tppearaince after infcctiLon. It is only aft-er " l;rar at mt1 pc,,rijc
that .iorphol.o~L-cdlly corap'Letc virus partic.les suddenly rcitppavir in e3cell. Thea smnaller viruses of the influenza typr, at l.east o'lfP'r ',ho!
sulructural prerequisites for such a disintegration. HoyLU ý-tvclop)d
concep-Cs of the details of this process (cf. irnfluonza i').I

adiiioBlurnet et al. noted that dfl cxcharige of gonctic f--ctor-S is
possible between different str-Ains of in.unz viu, simllar Lo' tie
interaction of ph-ages. These results were fur'Uher supported by 3O;oiogic
investigations ty 'Hirst and -famar. Doulble infections of chick ci:-Lryos
with influeaiea strains Lkolbourrie -nci WSIJ oroaucedi unsta"ble COL-,biV.LtLiOr.S
an~rd some that consol.ida'ted theý serologicall propertios of both satn
strains throurji many passa-es. This indicAtes that in bhis viras tbha
sub-unilus arc not quite rigidly tied togothner, but possess a certain
Ltbijil,- to dis.-ssociate. ~d.-Lt-ional cvideoice of a change in pcnc~r:.Ltin-
virus p-irticles derives from ta.c course of roprotluce~oa in re-lation -to
Amc,. fli:. phenomenon of the eclipse is foundl in all of the caSs--
;Xiainied to date, in whicii the virus activity har, daiinicheci Lo zer~o or
to .Ln infinitesimal residue.

ai special methuu tnat prevents secondaryj infecion.s af*ter Use i-
integration of the initlially 1:Lec~ted cells iroduccs a one-st.Agu, propga.-
tiott curve, usi h as bcerioph.;L-cs. The,, *ý-tcuit parioci of sir.Lin
PR 8 is axbout 6 hours., that of thc Lee strain 3-9 hnours. Tle rate of
propagation (.annot be cstab~ished with h' samt; certAinty.., -,r in t',- c-.se
of phagos, since the amountL ol. virus actually ntrigthuc cc'! is no"
precisely known. It is 63-folt' for utraini PIR 6, 36-fo'o-A for Lie . A
3iILLiar courac of the inifective' proceso Mwi oILSerVeCU bySc.wr
on the. chorio-allantoid meiniflidfl of chick ei~tbryoo iii corvu.cýIun wt

Be0st Aval2hatble COPY



) virus of fowl pla,•,ue. L_,ftu, in'ec~ion, drus 3.,r-licles th,.,,;ý_ .0ýno
peneLreiteai were removed. -w-th antiserum. .fý,er about 4 hours vi r;;s
'-ctivity had risen. sha-rply b.,, about 3 uucimal po-wers (i.2G). T';13
jum,p in actiirty- is e~q)-aiieid best b.:r aosswint- totpe'osl ~k:

e~,~iud ~_L4~i~ prov-iously MLk'
viruses 4re suddenly brinsformieti into active LLcLeL. -e i' Uil
exidir.tion of 'he ltnru perio the firs. stage rty ta followec br

uecovJ sl~eep rise in viral subsoance conu uined in the ogg fluIu, which
m~y be. zeisureu by HA titer (see Fig,. 29). ;Taun (ie.ilini; with t5e lar-ger
viruses, the ittbent oriud ia~y -•/o be detLernriuod microscopic-lly. Tablu
Ul refJrects a compilation of ouservea iuimes, xrcts, frora D.J. -'iu:"'s
tajbulation. T•,e expu-si~on of miture virus nlrtic:Les after the .. ent
time does not necessarily caise the .sis of ie ceil, as i 5hr- case of

bacLeria. .is will be discussed if iUe .uetail i:4 connection -withinflu i nva virus, the xnature p-.rtices i:y be cut off from the ce. w~ll

in the form of protrusions, iwhereby th- cell itself is peeserveu. T-sros
by Sch.esinger as well as ailbocco -c' i Vog. inu-ic_-te thvt infeccted cells
are i±ble to expulse virus sevaral times in succession.

The inactive preliminary stages of the virus forine di:rii,.g the
latent perioa were convincingly demonstratea in connection with tih.e -ninial
viruses. The complement fixation Lost of influenza virus reveals a virus-
specific S antigen. The substance has a lower molecu'l..r weight th-n the
v.i:rus proper and may. be separ.•ted from the lutber by frictionateu. cen ri-
tugation. The complement-fixing antigen invariably appears i.,hcn infection
is carried out with active virus, never in the case of inictivu virus.
Prior to the forriation of mature virus, additi.onal particles are found
that already possess hemagglutirkiting properties., but are not yet
infectious. The situation is similar in fowl plague, Where the coniK' onerit-
fixing antigen appears first in the infected cells, then the hei.iggluui-
nating component and finally the mature virus. (See fowi pLaue for Uh1
chemical and physical properties of this intermediary form).

The influence of the animal viruses on the metabolism is nut ts
e-Lsily examined as that of ph,.ges. Several authors ohave Lroutud the
effcct of viruses on the respiration of more highly organized cells. Is
an example, the investigations of Caspersson and Tnorsson are pointed out.
The 02 consumption in the first half of the latent periou is no' inifuenced
significantly, but it rises distinctly before infectious virus is
demonstrable. The question, whether the virus causes only a revers-l of
metabolism or whether additioxwl processes are triggered, cannot be
decided unequivocally.

Various observations exist of thc effect of viruses on enzyma-tic
metabolism, without leading to an integrnted concept, haowever. Ini'ibiLions
as well as activations have been observed. Thus, ri:n}iinoxydaise is
increaeed in the mouse brain after infection with reurotroOic virases.
Theiler-virus evokes an inhibition of glucose up to 2; in L homo*,r.a`e
of brain tissue, which is neunralized by aadition of aiphosori';0ic p',idi•.o
nucleodide. Since the viruses -kre dependc:it in thoir ;';.,'ic..tion, o'
an unimpaired metabolic systenm of the cells, it is undurs • .l t..t
lo::r vi rus prop:ag.Ltiod or incrca:;eri rzIsis-:ic" is noted -t. .,, . .,.'.

are in a state of malnutrition. S. K.titor, particul trly, ;irss Uai.
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2. Vimses of C...cCehulii;is.

Pcndinit, ikirthcr cl. £ic•.Lion, ,t zerics of viruses are consoli-
dated under this ,;r-up uosigaL~tion Which iv.ve failed to roveal
imrarrnol]o'icai or scrulojical relationshiips, WLt are simila.r morpholo;zi-
cally arnd show a ntuber of coru.ion bilol,*ical properties. They are easily
transiai6,ted by insects arid siow ,-ood ro roducLion on chick erbryo tissue
The followlng viruses are involved:

a) amcrican equinc encephalitis; wcstcrn s3rain;
b) ai; ric:.,i equiiz ;i icephlizis, casLtern strain;
c) Venezuelan equine eiccpr alitis;
d) Japanese 10 encepi-litis wrd its related strains.

-) Viruses of..,rmericoin eguine encephalitis'

BiolojLcal action. 'wo strains of A.Morican equine encephalitis
are recognized: The westor.t eqiine encerpiialitis, `i;M., and the casLern
equine encephalitis, EEE. The viruses are endemic in the USA izL horses
and birds, and maj be traisndtted to Taun, causing occasional small
pidemics. Natural LransmisuiorA is b,., insects. In this case tae insects

no' only act as vectors, but tne vi:ru3 multipLies in them: M in ,edes
solicitans and WEE in Aedes acypti. In addition, other types of insoc,;s
are being suspected, e.g. mites and .-orhaps even ticks. Various in.immIals
and insects may be infected experimentally; the whibe mouse permits the
most successful !,r~nsyrlssion. I- is inmportant in experirmental Lr.nsnission
that the virus may be ,yro;m on chick embrYos, representin-, the best
starting material for chemical production. The determinition of biological
activity is also most convenient vwith the inc"l.bated cicken e-g. The
plaque technique on tissue cultures used by Dulbecco is also feasible.
To date no serolojc or ium•inologic relationship has been demo:1 Lr.-Ltcd
between the tw strains. A disLiinct aifferential diagnosis between these
two strains and the pathogens of other encephalitides is not possible
clinically; it must be made by serolo,;ic examinations. The d1:munstrAtion
is based on the increase in neutralizing and complemtnt-fixing antibociies
in the blooA. Two sanples of blood are wit•hdra,,,m, one at the onset of
illness, the other in the convalescent phase. .1 test is nmde to establish
-dheLher the sera are ca,;able of neutralizing the effect of lanown
comparative strains on the slouse. If the ncutrall"ing effect h's "ot
incr•ased after the illness, the existing antibodies date b-ck to an
earlier infection. If they Xr$ abserit from both blood sonecimens, the
result is doubtful, since som-;-T.Lients do not develop anlibodies alainst
the viruses. The demonstration of the virus proper can Laho place only
post mortem by removal of brain mu c-i: a:1 11,,ns Oansion O o Lku 3.Ouse.

It must be remembered that there :.r. eceph.litidcs, especipally uost-
vaccinal ones, that are not bused oiý a. viral etioloer. .. :;nciic w'I:a•py
of this and other enceph-litidei 1 is nouL known; tretLment% wit,.n anuiueo'um
after the appearince of the first s i3toms is senseless.

Eastern equine encephalibis. The o strýah is more virulent tihinl
V WEE. Phe mortality in Lite horse is high, Z1na tne snmptors in 1:1-i are also



more pronouncecz. ,;e dis.3,so .,s tt..j 1),,rsea.It.eiw thi:ca.
ard vonditina, the fever r-i sce st epl a~ t~ p )ocyps ~t~3~
time cramps, .urarlyseul "nd Cdec.i or t&,a lCU3 .-zx.1 face are noted.
Uis to _4calily thre discaso expren.-us it'self in :)ronounceud~i.'~to
and infl..-i r~fion of the ncita ncrvous sys~.er. S-U-t:/ iyrcenat of CIO
survivors rcl,'ain ~Lm~srmging; from oxcc.slve sa:isiti-irity , virioac
para~l~yse s

dnatorti equine cncephzklids. 16=1 S~ra'.i '>~ tliwc rc..tc hjost
raLn-c au 4tate 1V'E:i st r ri Tiic 1~sd n1 O.-an O Ou:WOVI -J, .~ tht~n
ti~ose of Z-0 they curnsis#eý of iie-td ni juo~Uc1'o and 'si1O:*S 3.1ory

ciistvr'-xnccs,, p~i'alyues are ritre. The InicubuaAor, i.ICs j-10 i1.

Nistolol~ieally the apDPU1r;XnCC is es~ni Lythat of':ei~ ncp Loiz
the spinal cord usuAll.y is unaffectod. Th,.-;~ .e~dmic co~
encompassed 3,C00 pi~rsoils, of which 1-5% diod. Terpoaov :c~
olf the virus was stucV~ed by Dulbecco on a cuJ1,-ure of chilckon Ciibrob'Las'Us.
A latent pseri.ý.. o.C .bout 3 hours was est;'.1blished. The yie1li of virus per
cell fluctuates between a few and 150 particles.

The bioch~emnical and Mnorphological studies inade by iPoard anc.~.
school revealed that. the two strains ca,,not bu diffareItitiLtidb''t;
structure and that thay po~ssess a few conspicuous coia-iori nroo-r',LQ! ý%hich

have not. been found in uthcr %'nimal. viruses so far investirr.tj.ci
concept that they represawý two strains, of the same virus I.Jerc~ure seemsri'
justified. Perhaps the, are rcLitcd int a similar w-.ý.y as thc eucunlbor
viruses and THV, which have bcut very f~ew ant~igenic groups in com..on. It

S.;is conceivable that a serologi~cal relAtion batw-%een the t~wo strains of
tmarioan eqvine encephalitis, c(.uld be demonst~rated by; the use of untiscra
of very high1 quality. It seeGms that such test~s have not yet. been
coidu cted.

Production. The production of both strains is simailar. Ton ".roeck
and Wyckoff wi..re the f'irst to identify a component in c~hick ei~oryos
infected with EEE which showed a sedimnentation coaistoant of 24ý5 S in Lhe

ultracentrifuge and proved to be virus-active.. Detailed rescarch was

c"rried out by Beard and his school. They recotammnd the fo:llowinig pro-
cecture for the production of FM, with Liue consideration of'Ctho poor
stability of the virus at rooma temperature: ., 20A' hr*mog~entate fr.mwm chilck
embryo tissile is kept in 11inger solution for 72-96 hours. Thio r~ti
extraction is necessary for tho dcrtruction of norrmtl. protein at 78.7 S.,
since subsequent treatment is consid,,rably limited otherviise. iFrosi,
extracts hardly permit the 3epar...tion of the virus protoirn fro~m wh'c
nortwi.1 componcnt, since the )atttor'c concentration~ is three timrŽ,3 ac 1U~.1.

ýWdditional work proceeds in t~he cold. The crude comnponento are re2-;ivOVd

in ain ordinary centrifuge -Ari the ex-Lraict is filtered thrcu;-.h colite
(a for-m of siliceous earth). The virus is taen spun ou'. by cczmtr`1.u.g.-tion
for 30 minutes at 20,000 RIPM (30000.g) Tb.o Godiment, ~j~i
,l.inger solution and thG inipurl tics arc i-cw.iovecI by 15 ntiuaL :ý * 1ý),O0O

This process is repeated, Luico more, until ilnally a'52~ia!~~u-
which remains homo-g-enevus in the u..1rcc_..rii,^igC, ammu i.zo.

proteoin mentioned above kin.L cosnpJlteij ul.j:,poeared. h 3 v.0prepared in the samie manner. Th.-itcr .. of t#110 .!_0011 A
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the virus is estab-i.,eM by the fact 1a~t 1. such a protein c-,not bo
isolated from healtht e.ibrd-o uafter i•4cnticAl tra"mcnt, 2. viras
acLivity is oz.r-Al±ol co the enrichrmznr u. tae orotein, 3. thý "ein is
1hiij.hly active. The 5C• ,;nd :oint is ioc.teo at lo-13.2 g, co~res:Ioiing
to about 250 molecules. Serological Lusts for purLt; apparcil~l... !Aavo not
been carried out to dito.

Size and shape. On clectron-raicroscope pictures thv stradins of
equine encephalitis reveal a uniform spherical anric tisk-shared 'orm with
a dia':etcr of about 40 miii.i:.-icroils. `Ae nucleus seems ioi-c aonsau th•an
the m•arginal zone. The contrast of irraoiated ricturcs is c.nsiderab.y
improved by the use of CaC1 2 (Fig. 55). The purified v-irus of the EZ
strain sediments with a distinct rYmnd co:resrponrairl to 265 S at a con-
centration of about O.j'. Thi sedir;iontation constant of ,E is s2 0 = 273 S,
thus being identical with that of M within .he n-rgirns of error. Thz
frictional ratio accorain- to ;,ieasurernencs of viscosity is flir= 2.3.
The partial specific volume a.,r.Ls established at 0.839 in tho pIy 'noxnetr.
These two values yiela a molecular weight of 152-100. The hij- fr-rictionol
coefficient uoes not compare favorably -.wth t•h spherica2. form e-,ervtd
through the electron mi|cruscope; this stror.n ueviation from 1 caunot be
explaiina solely byt hydration. It must bo pointed out that the frictional
coefficient of fowl vlae found in our laboratory iras also very high.
However, after the !.reparation had been purified electrophoretically, a
much lower value was cbtAinod for the f'rictional ratio, coorespondin0; to
the electron-microscopic appearance of thc virus. It is possible that the
high viscosity of the viruses of equine enccphalitis is also duo to im-
purities. The electron-optical diameter 9 f 40 iAlliricrons would
correspond to a molecular weiZht of 24.100.

Chemical action. The viruses of typorican equine encephalitis are tue
only animal viruses in whilch no DMA, but only Ah-ja has boor. detonstrat,.d;
they occupy a special place in this rusoect. The entire nucleic acid
phosphorus is present in.the form of MLIA, wmounting to 10% of the entire
virus. The high concentration 3f lipoia is also noteworthy. The virussos
consist of a complex of 46% ribonucleooroteide and 44; lipoid. This, in
turn, contains 64% phosphorus lipoid, 25% cholosterinc and 15/'• fa;ttY acids.
The high lipoid content also explains the rei.atively large soeccfic volume.

The vir-s is considerably more stable in i•inger solution than in
NaCl solution. When the salt is rciiovc by zialysis the virus becomes
inactive. The virus is stable between p1-1 3 and 5 and betwjeen 7 and 10.
-t pH 5.5 the virus rapidly lo:es its activity. This inactivation is not
strictly an effect of nH, but is dependent also upon a f£itor occurring
in normal and dise.ised enmbryos. Perhaps an cnz-rre fith a ph opti-,uAu at
5,5 is involved. Tests with the ultraccntrifuge show that the virus
protein rewains constant after storage for 3-4 days at 50 and 011 7-8.5.Above pli 8.5 it decomposes into sitillea', non-seedi'mentab½• co e :oncts,

wnoreby the rate of decomposition increases with pli. 3clow, 2i" 7 th
protein tends toward agg-regation 6nd Ainally bccoeo.; inio.-,e. Z.u o.I
stability of the protein and that of virus acuivi L coI:Ncide.
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In UV t÷he virus shows an absorptioi band at 260 mil.liwicrons.
owever, e~xtinction is .not a ributable solely to the concer!t ration of

nucleic acid, since pjrt of the lisgjht diffusion is surely decupjlivv,
accordin; to e:-•pexrienc tgained in conncction with N. The virus is
inactivated by ultraviolet light, althougii the homogtgcn city and sedl'meaLation
constants of the protein rxzain uncmged. .

The viruses of eauin .- cc:•.ljii3 toler torat;r-nt with :L,, r and
with w.!• .1hol ce 1:500. Thesoe re..renDs maiy thereore be used as pr -
sorvLtI The viruses -ire also relatlvely preservable in 5Qf -3yccrol
betwee:i ,. 7.4 and 7.5. The viruses may also be imuintainud at a constant
level by freeze-dryinzg. Of particular interest is -4% reaction of thu
purified EES virus with formol., since the virus, inactivat:cd in this
manner, is used in the iL.iurnization of horses and also, to a lesser
extent, of particularly endangered jyrsons, e.g. laboratory oersonnel.
.At formol concentrations below 0.01 m the protein remains in solution,
but loses homogeneity. Inactiv.tion akt this level is not alwdajs complete
even after two weeks. At concentrations above 0.02 m, inactivation is
complete after about 4 days; the protein becomes very inhoraogenoun.s,
however, and ultimately remdins insoluble. The virus ,ratually becomes
insoluble also by formol treatment in crude extraction.

The most, successful immunization was carried out with soluble
protein, obtained bly treatnent with 0.01 m formol. A si:il;ar process
permdts the pruduction of a good vaccine against Venezuelan equine en-
cephalitis. aLccording to Ten Broeck, inactivation of IEML without loss of
antigenic activity is possible also with iuostard gas. Various data eist
on the efficacy of formol vaccines in man. They produce a solid inuunity,
for neutralizing antibodies were demonstrated even 2 years later, although
complei"nt fixation was absent. .intibodics are found also in the cerobro-
spinal fluid of r. 1biits. Accordin,.;ly, they are able to peneirate the
liquor and assure proLection against intracerebral infections. This
observation may not be generalized, however; thus no protective effect
against intracerebral infections can be induced in guinea pigs.

The viruses of imcric.n r•quine encephalitis have served extensively

as models for general inmmnological studies (Olitzkcy, Sabin).

b) The virus of Venezuelan eouine cricenh.litis.

The virus of Venezuelan equine encc?1h.litis, just as the strains
previously discussed, occurzi Principa"lly in horses anr miules in Central
and South junerica, but infections of man are also known. Uittle is
known about its morpholog. (For iamaunization sue p. 203).
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